Abstract: The crystal structures of two acid triphosphates, GaH 2 P 3 O 10 ·2H 2 O and CrH 2 P 3 O 10 ·2H 2 O of form I, have been obtained from Rietveld refinement using X-ray powder diffraction data. The compounds crystallize in the monoclinic space group P2/c, with unit cell dimensions a = 7.9663(10), b = 4.9669(5), c = 11.7586(13) Å, β = 95.199(6)° for GaH 2 P 3 O 10 ·2H 2 O, and a = 7.9603(14), b = 4.9963 (7), c = 11.7877(17) Å, β = 95.068(9)° for CrH 2 P 3 O 10 ·2H 2 O; Z = 2. The compounds have a layered crystal structure, with metal-triphosphate 2D polymeric network, parallel to the bc plane, and water molecules lying in interlayer space. Comparison with related structures is given.
INTRODUCTION
Physico-chemical behaviour of the compounds showed that they had layered crystal structure. However, their structural data were not available quite a long time because of difficulty to obtain suitable single crystals for X-ray analysis. The first structural data appeared only in 2006, when S.K. Rushi et al. 2 reported the crystal structure of AlH 2 P 3 O 10 ·2H 2 O. Although a single crystal of the aluminium salt, used for X-ray analysis, was of rather low quality, the obtained data are of great importance because they allow to determine crystal structure of other compounds of the family from powder diffraction data by using Rietveld refinement. This circumstance stimulated the present investigation.
To date, six representatives of the family M  III H 2 P 3 O 10 ·2H 2 O have been synthesized, including  the salts of iron  1 , aluminium  1 , chromium   3 , gallium 4 , vanadium 5 , and manganese 6 . The present study is devoted to crystal structure determination of two compounds among them, namely GaH 2 P 3 O 10 ·2H 2 O and CrH 2 P 3 O 10 ·2H 2 O. X-ray powder diffraction data collected at room temperature were used for structure determination.
EXPERIMENTAL

Synthesis
The salts GaH 2 P 3 O 10 ·2H 2 O and CrH 2 P 3 O 10 ·2H 2 O were synthesized by thin layer technique described in the papers 7, 8 . The main peculiarity of this technique is that initial metal-containing compounds react with phosphoric acid in a layer of 2-5 mm thickness, enhancing dehydration of the solution and promoting quick attainment of the equilibrium state without stirring. This circumstance is very important in the case of viscous solutions or fluxes.
Reagent-grade products Ga 2 O 3 , Cr(NO 3 ) 3 ·9H 2 O, and H 3 PO 4 (ρ = 1.7) were used as starting materials. Homogeneous mixtures of metal-containing compounds with phosphoric acid were prepared in molar ratio P 2 O 5 : (Ga/Cr) 2 O 3 = 1 : 6. The mixtures were placed in wide quartz crucibles and held under 175 °C (gallium salt) and 225 °C (chromium salt) for 4-5 hours until the phase formation processes were complete. Crystalline phases were separated from flux by washing with water on a glass filter and dried at room temperature.
Isolated triphosphates GaH 2 P 3 O 10 ·2H 2 O and CrH 2 P 3 O 10 ·2H 2 O were identified by X-ray powder diffraction, chemical analysis, and quantitative thin-layer chromatography.
X-ray analysis
Room temperature X-ray powder diffraction patterns for GaH 2 In the Rietveld refinement, a Marsh-Dollase 11, 12 correction of intensities for preferred orientation (PO) of grains in specimens (as implemented in FULLPROF program) was applied. It was found during the investigation, that only the use of both needle-like and plate-like particle models for PO correction allowed to obtain acceptable agreement of calculated and observed intensities.
To realize the two-model PO correction, two "phases" were introduced into refinement, corresponding to two parts of the sample: preferentially oriented needles (Part I) and plates (Part II). PO corrections were performed for needle-like particles with axis parallel to the [010] direction, and for plate-like particles with the plate parallel to the (100) plane. Plate shaped morphology of particles was expected from layered crystal structure of the salts (layers are parallel to the bc plane). The axis of needles was found as a result of trials. Such type multiple PO correction agrees with visual microscopy view of powders showing particles as thin rods possessing both needle and plate features simultaneously.
The atomic displacement parameters were refined isotropically. For both compounds, three refined displacement parameters were employed: one for the Ga/Cr and P, one for the O (except for water O atom), and one for oxygen atom of water molecule. Displacement parameters of H atoms were calculated as B iso (H) = 1.5B iso (P,O). Coordinates of the H atoms, taken from AlH 2 P 3 O 10 ·2H 2 O, were not refined.
The structures were obtained as a result of refinement with soft restraints on the interatomic distances P-O and the bond angles O-P-O, based on a geometric analysis of a large number of triphosphates 13 . Main crystallographic data of GaH 2 The investigated gallium and chromium salts have layered crystal structure, composed of metal-triphosphate 2D polymeric networks parallel to (12) the (100) planes, and water molecules lying in interlayer space (FIGURE 2). Within the 2D networks (FIGURE 3), each metal atom is connected with four triphosphate anions. Two of them are bonded to metal by one terminal oxygen atom O3, whereas two others are connected bidentately through the atoms O1 and O2. In the layer, each anion is bonded with four metal atoms.
Hydrogen bonds of water molecules play the role of bridges between the neighbouring 2D networks. Bifurcated hydrogen bonds O6-H62···O1 and O6-H62···O2 e connect a water molecule with triphosphate anion of one adjacent 2D network, whereas hydrogen bonds O6-H61···O4 
